Introduction: Acute bacterial skin and skin structure infections (ABSSSIs) represent a large burden to the US healthcare system. There is little evidence-based guidance regarding the appropriate level of care for ABSSSIs. This study aimed to develop a prediction model and riskscoring tool to determine appropriate levels of care. Methods: This was a single-center observational cohort study of adult patients treated for ABSS-SIs from 2012 to 2015 at the Detroit Medical Center. The predictive model used to create a novel risk-scoring tool was derived using multinomial regression analysis. The overall accuracy of this tool was compared to the Clinical Resource Efficacy Support Team (CREST) Classification and Standardized Early Warning Score (SEWS) using area-under-thereceiver-operator-curve (AUROC) analysis and Z-statistic. Results: Final patient disposition was 230 (45.5%) home from the emergency department (ED), 65 (12.8%) observation unit (OU), and 211 (41.7%) initial inpatient. IV antibiotic therapy was used in 358 (70.8%) patients. CREST and SEWS were not accurate in the determination of ED versus OU disposition [AUROC CREST 0.0.682 (95% CI 0.640-0.724), AUROC SEWS 0.686 (95% CI 0.641-0.731)], but performed better in determining ED/OU versus inpatient [AUROC CREST = 0.678 (95% CI 0.630-0.725), AUROC SEWS 0.693 (95% CI 0.645-0.740)]. These scores were also not accurate in determining IV versus PO antibiotic therapy [AUROC CREST = 0.586 (95% CI 0.530-0.624), AUROC SEWS = 0.630 (95% CI 0.576-0.684)]. A risk-Enhanced digital features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.7053953. Electronic supplementary material The online version of this article (https://doi.org/10.1007/s40121-018-0212-3) contains supplementary material, which is available to authorized users.
INTRODUCTION
Acute bacterial skin and skin structure infections (ABSSSIs) represent a large burden to acute care hospitals. In the United States, these infections account for approximately 2.27 million emergency department (ED) visits, and over 800,000 hospital admissions annually [1] [2] [3] . According to the Healthcare Cost and Utilization Project National Inpatient Sample, hospital encounters for ABSSSIs are on the rise, associated with a mean adjusted cost of $9388 USD per visit [4] . To ease the increased burden and costs of ABSSSIs, ED and observation units (OUs) are used to manage patients likely to be discharged home within 24 h of initial care [5, 6] . Currently, however, there is a lack of consensus to establish which patients benefit most from ED/OU stay versus inpatient admission [7] [8] [9] [10] [11] .
Several severity scoring systems have been developed to aid in the determination of patient acuity and proper level of care in the management of ABSSSIs: these include the Eron/CREST (Clinical Resource Efficacy Support Team) Classification, the modified CREST using the Standardized Early Warning Severity Score (SEWS), the Ki and Rosenstein Score, and the Wilson Score [12] [13] [14] [15] [16] . The Eron consensus criteria are used primarily in the UK as part of the CREST Guidelines for The Management of Cellulitis in Adults and are based on expert opinion [13, 15] . This severity classification uses patient past medical history and systemic signs and symptoms of infection to aid in the decision of site of care and determination of most appropriate antibiotic therapy. Marwick et al. used a modified version of the CREST classification together with an early patient acuity score and SEWS and demonstrated that CREST often led to over-treated patients [12, 17] . These scoring systems, however, have not been robustly validated and none have been utilized to determine ED versus OU status.
Evidence-based guidance is needed regarding which patients should be considered for short stay in the ED/OU versus inpatient setting before discharge. There is a need to better define the most appropriate level of care and antibiotic therapy for patients with ABSSSIs in order to maximize clinical outcomes while minimizing cost burden. Previous studies with clinical decision rules and risk-scoring tools, such as the CREST Classification, have demonstrated that a combination of patient co-morbidities and presenting physiological parameters is likely key to aiding in the determination of optimal patient management. This study sought to derive a predictive model and severity scoring system to aid in assessing patient acuity and predicting most appropriate levels of care, locations and antibiotic therapy, in order to decrease unnecessary hospitalizations, decrease costs of care, and ultimately improve patient outcomes.
METHODS

Study Population, Study Period, Setting
This was a retrospective observational cohort study of adult patients (18-99 years of age) initially treated in EDs of the Detroit Medical Center (DMC) for the primary diagnosis of ABSSSI for index/initial visit from April 2012 to 2015. ABSSSIs were diagnosed and categorized based on physician discretion and Food and Drug Administration criteria [18] . To be eligible for study inclusion, patients were required to present with at least three of the following local signs/symptoms: pain, tenderness, swelling erythema, warmth, drainage/discharge, induration, and lymph node swelling/tenderness. Patients were excluded if there was clinical concern for gas gangrene, necrotizing fasciitis, osteomyelitis, hardware-related infections, or complicated bacteremia. Additional exclusion criteria were: open burn [ 30% of total body surface area, life expectancy \ 2 months, pregnant or nursing, or prisoner at time of treatment. Patients who were ''inappropriately treated'' were also excluded from derivation of the predictive model and risk-scoring tool due to the potential for misclassification bias affecting the final model's performance. Inappropriate treatment was determined to be: ED treatment [ 6 h, OU treatment [ 24 h, inpatient admission \ 24 h, or ED revisit within 96 h of initial treatment for ABSSSI [19, 20] . The setting of the study was two acute care trauma institutions (Detroit Receiving Hospital and Harper University Hospital) and two community-based hospitals (Sinai-Grace Hospital and Huron Valley Sinai Hospital) of the DMC, one of the largest healthcare providers in Southeast Michigan. This study was approved by the institutional review boards (IRB) of Wayne State University granting a waiver of informed consent. All procedures performed involving human participants were in accordance with the ethical standards of the IRB and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Methods for Data Collection and Clinical Assessment
Patient data collection from electronic medical health records included the following metrics: patient demographics, type of insurance (Medicare/Medicaid/private/mixed), co-morbid conditions, antibiotic history (previous 60 days) as available, hospitalization history (previous 180 days) as available, previous history of ABSSSI as available (previous year), type of ABSSSI (cellulitis, abscess, wound), and criteria for systemic inflammatory response syndrome (SIRS). Additionally, patients' initial antibiotic(s), discharge antibiotic prescription(s), and non-pharmacological treatments (debridement/ incision and drainage/amputation) were documented. Patient outcomes, including 96-h ED revisit, final hospital location, time receiving care (hours) in the ED/OU/inpatient setting, 7-day, 14-day and 30-day infection-related ED revisits and/or hospital admission were also recorded. Location of care was divided into ED, OU, and inpatient (floor and intensive care unit). Higher location of care was denoted inpatient [ OU [ ED. Two severity-scoring systems were calculated and compared for this patient population: the Enron/CREST Classification and SEWS, which have been previously published [12, 13, 15, 17] .
Statistical Analysis
Descriptive statistics were summarized using means (standard deviations) or medians [interquartile range (IQR)], as applicable. Continuous variables were compared between ED, OU, and inpatient using one-way analysis of variance (ANOVA) or Kruskal-Wallis ANOVA, with modified Bonferroni correction, as applicable. Categorical variables, such as patient demographics and clinical characteristics at presentation, were compared using v 2 test or the Fisher's exact test, as applicable. A series of multinomial logistic regression models were run to select independent predictors of the need for higher location of care. Variables with significance on univariate analysis (p \ 0.1) or determined to be of clinical significance a priori were entered into the models. Variables selected to be included in the final model were determined using Akaike Information Criterion [21] . The final regression model was assessed using the Hosmer-Lemeshow goodness-of-fit test [22] . A bootstrapping algorithm with replacement was used for internal validation. Coefficients from the final regression model were standardized to a weight-proportional integer value in order to be included in the scoring tool. Area-under-thereceiver operator curve (AUROC) analysis, or the c-statistic, was used to determine overall accuracy of the newly derived scoring tool and the Z-test was used to compare the new tool to the CREST Classification and SEWS [23] . The modified CREST, incorporating SEWS, was unable to be included as zero patients in the entire cohort presented with SEWS [ 4 [24] . Statistical analysis was performed using IBM SPSS v.23.0 (IBM, Armonk, NY, USA) with the exception of AUROC comparisons, which were completed in SAS v.9.4 (SAS Institute, Cary, NC, USA).
RESULTS
Study Population Characteristics
During the study period, 1240 patients were screened. Exclusions were: age \ 18 years (n = 6); underlying bone/joint infection (n = 258); suspicion of gangrene/necrotizing fasciitis (n = 104); presence of prosthetic hardware (n = 75); missing data (n = 63); repeat visit during study period (n = 242); and odontogenic infection (n = 9). Among patients meeting inclusion (n = 665), 506 patients were ''appropriately treated'' and retained for analysis and development of the predictive model and scoring tool ( Fig. 1 ). Among the patients included, 230 (45.5%) were treated in the ED, 65 (12.8%) in the OU, and 211 (41.7%) were admitted for inpatient management. The median age of the entire study population was 43 years (IQR 31-55 years) and the majority of patients were black (n = 534, 81.7%); these demographics reflect the patient population seen in the metropolitan Detroit area. Patients presenting with abscess were most common (n = 275, 54.3%), followed by cellulitis (n = 182, 35.9%), and finally wound infections (n = 49, 9.7%).
Patient demographics and clinical characteristics by location of care are summarized in Table 1 . Patients treated and discharged from the ED were significantly more likely to present with an abscess, while wound infections were more likely to be admitted for inpatient management. Increasing age and increasing Charlson Comorbidity Score both led to patients being more likely to be admitted. Patients with a past medical history of diabetes, chronic kidney disease, or peripheral vascular disease were also more likely to be admitted for inpatient management. Patient clinical presentation varied significantly by location of care. In particular, all four metrics within the SIRS criteria were associated with OU stay or inpatient admission. Alterations in body temperature (\ 36.0 or [ 38.0°C) and/or white blood cell count (\ 4000 or [ 12,000 cells/m 3 ) were significantly associated with inpatient admission. Patients presenting with ABSSSI of the arm or head/neck were more likely to be directly from the ED, while patients with an ABSSSI of the foot or leg were associated with OU or inpatient stay. Patient healthcare exposure history was variable, with the notable exception that there was no difference based on reported failure of outpatient antibiotics.
Multivariable Model and Risk-Score Development for Patient Location of Care
Numerous variables met the a priori inclusion criteria of significance at a level of p \ 0.1 on univariate analysis. Variables that were considered to be co-linear or not externally valid were not included in the model. As an example, in the current cohort, infections of the head/neck were significantly more likely to be treated in the ED, while previous literature has associated infections of the head/neck with inpatient admission [7, 10] . The initial multinomial Table 1 ).
Using the coefficients of the final regression model, a scoring tool was developed that ranged from 0 to 10 points (Fig. 2) ; the higher the score, the more likely the patient was admitted for inpatient management of ABSSSI. At a score of 0, 76.1% of patients were treated and released directly from the ED. The overall accuracy (AUROC) of the new severity-scoring tool to determine patient location of care was compared to the CREST Classification and SEWS score ( Fig. 3) . Overall, none of the three scoring tools were able to accurately predict ED versus OU. The AUROC for the CREST Classification was 0.527 (95% CI 0.460-0.594), SEWS score was 0.609 (95% CI 0.545-0.673), and the newly developed scoring tool was 0.675 (95% CI 0.611-0.739). All three scores were better able to predict ED/OU versus inpatient disposition, and the newly developed model was able to outperform previous scores (Tables 2, 3 ). The AUROC for the CREST Classification was 0.682 (95% CI 0.640-0.724) and the SEWS score was 0.686 (95% CI 0.641-0.731). For the newly The curve of CREST is not significantly different from the curve of SEWS (p = 0.8830); the curve of CREST is significantly different from the curve of SCORE1 (p \ 0.0001); the curve of SEWS is significantly different from the curve of SCORE1 (p \ 0.0001) developed model, the AUROC was 0.789 (95% CI 0.748-0.829). The CREST Classification and SEWS score were not significantly different (p = 0.883); however, the newly developed model had a significantly higher AUROC compared to both the CREST Classification and the SEWS score (p \ 0.0001) (Tables 2, 3; Fig. 3 ).
Antibiotic Therapy for ABSSSI
Choice of Initial antibiotic therapy for the treatment of ABSSSI varied significantly based on location of care (Table 4 ). Unsurprisingly, initial oral antibiotics were prescribed more often in patients treated and discharged directly from the ED, with over 50% of regimens being oral, compared to over 80% in patients treated in the OU or inpatient. MRSA coverage was more common in the ED, regardless of type of underlying ABSSSI (cellulitis vs. wound versus abscess); this was largely driven by prescriptions for clindamycin in either IV or oral formulation. Vancomycin was frequently employed in the OU and inpatient setting regardless of type of ABSSSI. Narrower spectrum agents such as cefazolin or nafcillin were only used in two patients. Gram-negative coverage was also significantly more common in patients treated in the OU or inpatient. Overly broad antibiotic coverage, defined as receipt of Gram-negative coverage, was most common among CREST Class III (50%), followed by CREST Class II (30.6%). According to the CREST Classification, those in CREST I should be treated outpatient with oral antibiotics. In this patient population, however, only 32.1% of CREST I patients were treated initially with oral agents. CREST II patients were treated with oral antibiotics in 19.6% of cases, and zero patients in CREST III received initial oral therapy. Overall accuracy of the CREST Classification for determining IV versus oral initial antibiotic therapy was low (AUROC CREST = 0.586 (95% CI 0.530-0.624). Within the newly developed scoring tool, 42.6% of patients with a score of 0-1; 10.6% with a score of 2-3; and 8.1% of patients with a score of 4-8 were prescribed oral antibiotic therapy initially. The newly developed scoring tool performed marginally better in terms of overall accuracy for determination of IV versus oral empiric therapy [AUROC = 0.742 (95% CI 0.694-0.789)].
DISCUSSION
Although ABSSSIs are common in the United States, and the Infectious Disease Society of America guidelines have been recently updated, there are still significant gaps in our understanding of optimal management [13] . In 2003, Eron et al. created the consensus-based criteria that would later be utilized in the CREST guidelines for the management of cellulitis in adults in the United Kingdom [13, 15] . This classification scheme aimed to guide appropriate patient disposition and antibiotic therapy. 
The curve of CREST is not significantly different from the curve of SEWS (p = 0.8830); the curve of CREST is significantly different from the curve of SCORE1 (p \ 0.0001); the curve of SEWS is significantly different from the curve of SCORE1 (p \ 0.0001)
CREST Classification and decrease clinical ambiguity by adding the SEWS score. The SEWS score has been significantly linked to increased hospital length of stay, need for intensive care, and overall mortality and, as such, seems like an optimal addition to the CREST Classification [26] . In a retrospective analysis of 205 patients, Marwick et al. determine that approximately 26% of patients received appropriate care based on this modified CREST Classification; however, this did not negatively impact overall clinical outcomes [12] . They sought to further validate this tool through a prospective study, but were unable to do so secondary to limited sample size [17] . Recently, Hashem et al. conducted a single-center retrospective assessment of the CREST Classification in 200 patients in the United States [24] . The authors found, similar to Marwick et al., that the CREST Classification resulted in significant over-treatment, with 63% of CREST Class I patients being treated with intravenous (IV) antibiotics when oral options were recommended as sufficient or overly broad-spectrum antibiotic therapy was used. Through these studies, it has become clear that, although the CREST Classification is potentially flawed, using a clinical decision support tool does have the potential to optimize patient care in the management of ABSSSIs. Over the years, OUs or clinical decision support units have gained popularity for the treatment of patients and conditions that do not necessarily need several days of inpatient management but cannot be successfully treated purely on an outpatient basis. OUs can been advantageous to healthcare systems through decreasing unnecessary admissions, improving efficiency and patient satisfaction, and decreasing costs of care [5, 19] . Cost avoidance, through outpatient management versus the fixed payment system used for inpatient management, is a main driver for changes in how ABSSSIs are managed [8, 27] . The American College of Emergency Physicians recommends evidence-based guidelines to establish patients best suited to have successful care in the OU [19] . In their policy resource and education paper, however, it is clear that this is easier said than done in the case of ABSSSIs. Recently, Lodise et al. examined the economic impact of potentially avoidable admissions in patients with ABSSSIs [28] . In a large database analysis of over 120,000 inpatient cases, those without lifethreating conditions or systemic signs and symptoms represented the largest group (n = 100,267). Additionally, more than half of these patients presented with a Charlson Comorbidity Score of zero. The care of these patients was associated with a mean cost of $5851 (SD $6756) USD per patient, which represents a large and potentially avoidable economic burden. Several studies have specifically aimed to determine which past medical history and clinical characteristics in patients presenting to the ED with ABSSSIs result in either the need to upgrade care to inpatient admission or lead to overall failure of ED/OU care. These studies fail to provide a strong consensus. In a retrospective analysis by Sabbaj et al., the researchers attempted to develop a clinical decision rule to determine the need for more than 24 h of acute care. Although they were unable to develop a high sensitivity rule, a temperature [ 37.8°C was associated with an odds of 2.91 (95% CI 1.65-5.12) of requiring more than 24 h of care [9] . A study by Volz et al. also demonstrated that an elevation in body temperature at presentation was associated with requiring more than 24 h of care at an odds ratio of 2.5 (95% CI 1.1-5.5) [7] . Additionally, a retrospective study by Shrock et al. found that an elevation in WBC [ 15,000 cells/m 3 was associated with a four-fold odds (OR = 4.06, 95% CI 1.53-10.74) of requiring greater than 24 h of care [10] . The currently derived predictive model encompasses similar metrics in terms of physiological parameters, with the addition of several comorbid conditions. This highlights the importance of considering a combination of factors when decided on appropriate treatment for ABSSSI extending beyond past medical history or size of lesion. The clinical utility of these models outside of the patient populations they have been studied in has not been fully explored. External generalizability of these tools may prove to be lacking; however, they do provide a framework for which other sites can build off to develop their own risk-scoring tools and clinical pathways in order to decrease inappropriate admissions or the use of intravenous antibiotics in ABSSSIs.
Although the current study demonstrated a small improvement in predictive ability with the newly derived risk score (higher AUROC), there are several limitations that must be noted. With the retrospective, single-centered nature of the study, there is likely recording and selection bias associated with data collection as well as limitations related to external generalizability. Only metrics available in the electronic medical record could be used to derive the model. The size of the affected area or lesion was not available for the majority of patients, which may confound results. For instance, the site of ABSSSI on the leg remained in the predictive model; however, this may represent the size of the lesion as opposed to the actual site. Additionally, practice patterns for our ED/OU may be different compared with other sites and may be altered secondary to factors not related to metrics in the electronic medical record (i.e. bed availability). Also, 96-h ED revisit was used to determine which patients were potentially inappropriately treated instead of the traditional 7 days. The DMC is only one of several large academic medical centers in the Detroit metropolitan area. Using a 96-h ED revisit endpoint is meant to help capture those patients likely presenting with a failure of initial treatment, as opposed to a re-infection, but revisits are likely missed. Importantly, there may be misclassification bias in the analysis as patients treated at a higher level of care may have improved clinical outcomes despite not necessarily needing this higher level of care. Additionally, there is no way to account for inter-patient variability in prescribing practices as there is no gold standard for ABSSSI management to reference. This has potential implications to using this scoring tool outside of the population derived, especially without validation or in populations that were not included in the initial study [29] .
CONCLUSION
The current study highlights opportunities to improve resource utilization and overall clinical outcomes in patients with ABSSSIs, and represents an initial step towards a clinical decision support tool. The current model also reinforces previous literature wherein it appears that physiological parameters and comorbid conditions interplay in the determination of appropriate patient disposition. In the future, a similar analysis with a large multicenter database would be warranted to improve external validity of the current predictive model and derived scoring tool. Ideally, this model would then be validated in a prospective, multicenter study in order to improve external validity and overall accuracy, as any retrospective analysis will experience similar limitations to those encountered in this current study. This model can serve as a proof-in-concept blueprint for developing a single-center risk scoring tool and clinical pathway that can aid in decreasing inappropriate resource utilization (i.e. admissions, IV antibiotics) in the management of ABSSSIs. Certain components, along with previously published literature, can assist investigators in deciding upon potentially relevant risk factors. The methods used in this study can also be extrapolated to assist a healthcare site in developing a similar tool that may use different risk factors based on their different patient populations. The results of this study highlight the importance of evaluating the patients with ABSSSIs with respect to not just the immediate clinical picture but also to past medical history.
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